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ABSTRACT 
Experimental lots of sintered nickel plaques and impregnated plates 
were prepared in a production facility to study the effect of material 
and process variables on plaque and plate characteristics. 
The variables studied included sintering time, sintering tempera- 
ture, slurry viscosity, sintering atmosphere, priming of substrate prior 
to slurry coating, and bulk density of the nickel powder. Measurements 
were made of plaque porosity, resistivity, mechanical strength, weight 
gain of active material and its percent utilization to evaluate the 
effect of the aforementioned variables on these plaque and plate charac- 
teristics. 
I. INTRODUCTION 
The objective of this program is to scale up a laboratory process to 
manufacture uniform and reliable nickel-cadmium battery materials 
for long term aerospace missions. The specific tasks include a study 
of how raw material and processing variables effect plaque and plate 
characteristics. 
During the first quarter, sample lots of sintered nickel plaques 
were prepared in a production facility, under varied experimental con- 
ditions, using a continuous slurry coating process. Representative 
plaque samples from each experimental lot were impregnated with nickel 
and cadmium salts to produce positive and negative plate material, The 
plaque and plate materials were evaluated during this reporting period 
to determine the effect of the aforementioned variables on plaque and 
plate characteristics. The characteristics of interest were plaque 
porosity, resistivity, mechanical strength, weight gain of active material 
and its utilization (ampere-hour capacity vs. weight gain). 
The experimental procedures used and the findings are described in 
the following sections. 
11, EXPERIMENTAL METHODS & RESULTS 
A, EVALUATION OF SINTERED PLAQUES 
AS desc r ibed  i n  t h e  F i r s t  Q u a r t e r l y  Report ,  t h e  e f f e c t  of each of six 
s i n t e r i n g  v a r i a b l e s  on t h e  c h a r a c t e r i s t i c s  and un i fo rmi ty  of n i c k e l  
plaques and p l a t e s  was s t u d i e d ,  The v a r i a b l e s  s e l e c t e d  f o r  s tudy  were: 
a .  S i n t e r i n g  temperature,  a t  3 l e v e l s ,  
b ,  S i n t e r i n g  time ( r a t e  of t r a v e l  of coated s t r i p  through t h e  k i l n ) ,  
a t  5 l e v e l s ,  
c .  Nickel powder s l u r r y  v i s c o s i t y ,  a t  3 l e v e l s .  
d ,  S i n t e r i n g  atmosphere, a t  2 l e v e l s ,  
e ,  Bulk d e n s i t y  of n i c k e l  powder, a t  2 l e v e l s ,  and 
f ,  Priming of n i c k e l  s u b s t r a t e  p r i o r  t o  a p p l i c a t i o n  of t h e  s l u r r y  
c o a t i n g ,  a t  2 l e v e l s ,  
The s i n t e r i n g  experiments c a r r i e d  o u t  t o  s tudy  t h e s e  v a r i a b l e s  a r e  
t abu la t ed  below (Table I )  i n  t h e  o rde r  i n  which the; were perfornned, 
To e v a l u a t e  t h e  e f f e c t  of t h e  s i n t e r i n g  v a r i a b l e s  on plaque charac-  
t e r i s t i c s ,  r e s i s t i v i t y ,  p o r o s i t y ,  and mechanical s t r e n g t h  of r ep re sen ta -  
t i v e  samples from each experiment were determined,  The methods used 
t o  measure r e s i s t i v i t y  and p o r o s i t y ,  and t h e  r e s u l t s  of t h e s e  measure- 
ments were presented  i n  t h e  previous  r e p o r t ,  
Mechanical s t r e n g t h  was determined by a  four -poin t  bend t e s t , .  In 
t h i s  t e s t ,  a  f o r c e  i s  app l i ed  t o  t h e  plaque i n  a  bending mode t o  t e s t  
t h e  mechanical i n t e g r i t y  of t h e  s i n t e r ,  e s s e n t i a l l y  e l i m i n a t i n g  t h e  
e f f e c t s  of t h e  s u b s t r a t e  i n  t h e  c e n t e r  of t h e  p laque ,  A d e t a i l e d  des- 
c r i p t i o n  of t h e  t e s t  method and t h e  appara tus  i s  given i n  t h e  Second 
Q u a r t e r l y  Report ,  "Development o f  Uniform and P r e d i c t a b l e  B a t t e r y  Mate r i a l s  
f o r  Nickel-Cadmium Aerospace Cel l s" ,  ~ y c o  Labs, Waltham, Mass, 
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TABLE I. TABULATION OF SINTERING EXPERIMENTS 
JC Nickel Powder, Lot No. ~ / 3 ,  Bulk density 0.92 gm/cc 
+c;'c Nickel Powder, Lot No. ~1998, Bulk density 0.85 gm/cc 
The mechanical s t rength  of the various t e s t  samples i s  shown i n  
Table 11. The values shown i n  the  t ab l e  a r e  ar i thmet ic  averages of  
measurements made on four t o  e ight  representa t ive  t e s t  samples i n  each. 
experimental run. 
TABLE 11. MECHANICAL STRENGTH OF SINTERED NICKEL PLAQUES 
B .  IMPREGNATION OF SINTERED PLAQUES 
Representative samples from each s i n t e r i ng  experiment were irrnpregnated 
with Ni(OH)2 and Cd(OH)2 f o r  evaluation as ba t t e ry  p l a t e  mate r ia l ,  Of 
i n t e r e s t  were the  amount of ac t ive  mater ia l  deposited i n  the  pores,  
va r i a t i on  i n  the  amount of deposi t ,  and the  u t i l i z a t i o n  efficiency s f  
the  ac t ive  mater ia l .  
The impregnation procedure used was a s  fol lows:  
1. P o s i t i v e  P l a t e s  
a .  Soak plaques f o r  5 minutes i n  53O Be' Ni(NO3IZ s o l u t i o n  a t  
ambient temperature under 24" vacuum. 
b.  Remove plaques from s o l u t i o n  and al low t o  d r a i n  f o r  5 mincttes, 
c .  Pass through a i r  tunnel  a t  approximately 2 f t / s e c  f o r  s i x  
complete excurs ions  t o  remove excess  s u r f a c e  l i q u i d ,  
d .  Dry f o r  30-60 minutes i n  a ho t  (EOO°C) forced  a i r  oven, 
e .  Soak i n  28' Be' KOH a t  60°C f o r  12 rninu.tes t o  conveiet the 
N i  (NO3) t o  N i  (OH) 
f .  Pass through deionized water  spray  tunnel  a t  approximately 
* 2  f t / s e c  f o r  s i x  complete excursions t o  remove excess  caustic 
from p l a t e  s u r f a c e ,  
g.  Wash i n  deionized water  f o r  15 minutes i n  f i r s t  t ank  a t  
room ambient,  30 minutes i n  second tank  a t  50°C, and 29 min- 
u t e s  i n  t h i r d  tank  a t  60°C, u n t i l  water  d r ipp ing  o f f  p l a t e s  
g ives  a n e u t r a l  r e a c t i o n  t o  i n d i c a t o r  paper ,  
h .  Dry 30 minutes i n  a h o t  ( 1 0 0 ' ~ )  f a r ced  a i r  oven, 
i. Weigh p l a t e s  t o  determine weight ga in ,  and r e p e a t  impreg- 
n a t i o n  c y c l e  as  necessary t o  achieve t h e  d e s i r e d  weight 
ga in .  
2. Negative P l a t e s  
The procedure used t o  impregnate t h e  nega t ive  p l a t e s  was 
i d e n t i c a l  t o  t h a t  used f o r  p o s i t i v e s ,  except  t h a t  43" BeQ@(N03)2 
was used a s  t h e  impregnating s o l u t i o n ,  and t h e  conversion wi th  ROH 
was a t  room ambient, 
Twelve impregnation cyc le s  were run  on both p o s i t i v e  and nega t ive  
p l a t e s .  The weight ga ins  achieved,  and t h e  t a r g e t  weights  (expressed 
a s  kg of Ni(OH)* and Cd(0H)z f o r  p o s i t i v e s . a n d  nega t ives  r e s p e c t ~ i v e l y )  
a r e  presented  i n  Table 111, 
Following impregnation, t h e  p l a t e s  were scrubbed wi th  s t a i n l e s s  w l r e  
brushes under a  spray  of deionized water  t o  remove t h e  a c t i v e  m a t e r i s l  
adhering t o  t h e  s u r f a c e ,  d r i e d ,  and blanked i n t o  ind iv idua l  p l a t e s ,  
TABLE 1 x 1 ,  CWZBTIVE WEIGHT GAINS 
C. EVALUATION OF IMPREGNATED PLATES 
P o s i t i v e  and nega t ive  p l a t e s  were eva lua ted  b y  determining the 
amount of a c t i v e  m a t e r i a l  contained i n  t h e  p l a t e ,  and b y  rneasurir~g t h e  
ampere-hour c a p a c i t y  on d ischarge .  
The amount of a c t i v e  m a t e r i a l  i n  t h e  p o s i t i v e  p l a t e s  was determined 
by reducing t h e  Ni(OH)2 t o  t h e  meta l  i n  a  20% Hz-80% N2  gas mixture a t  
9 3 0 " ~ .  This  was done i n  a  h o r i z o n t a l  glaw-bar furnace  wi th  a  drzven 
b e l t  feed and a  water-cooled chamber a& t h e  e x i t  end. The b e l t  speed was 
1 in135 s e c ,  and t h e  dwell  time a t  temperature was 11 minutes ,  40  seconds 
(20 i n .  h o t  zone). 
Weighing t h e  t e s t  samples be fo re  and a f t e r  f i r i n g ,  y ie lded  t h e  weight 
l o s s  ( N i ( 0 ~ ) ~  ,-> N ~ O )  which was m u l t i p l i e d  by 2.72 (92,71/34,02) t o  
y i e l d  grams of Ni(0H) reduced. (Several  t r i a l  runs were made t o  es tab-  2 
l i s h  t h e  necessary  cond i t i ons  t o  reduce a l l  t h e  Ni(0H) i n  t h e  p l a t e , )  
2  
This  va lue  was then  d iv ided  by 3.46 (gms N~(OZI)~/B]LI) t o  o b t a i n  t h e  
t h e o r e t i c a l  Ah capac i ty .  Before f i r i n g ,  t h e  p l a t e  t h i ckness  was 
measured a t  each of t h e  fou r  co rne r s  and a t  t h e  c e n t e r ,  and t h e  f i v e  
readings  averaged. The v a r i a t i o n  i n  th ickness  i n  any one p l a t e  bras 
rt 0.001" from t h e  mean. However, because t h e  p l a t e  t h i ckness  ranged 
from 0.023" (C-3) t o  0.038" (H-8) f o r  t h e  d i f f e r e n t  samples,  t h e  
t h e o r e t i c a l  c a p a c i t i e s  were normalized t o  a  0.031" p l a t e  th ickness  t o  
o b t a i n  a  b a s i s  of comparison, The r e s u l t s  of t h e s e  c a l c u l a t i o n s  are 
shown i n  Table IV. 
The amount of a c t i v e  m a t e r i a l  contained i n  t h e  nega t ive  p l a t e s  was 
determined by e x t r a c t i n g  i t  wi th  Musprat t  r eagen t  (54 gms m4Cl aind 
350 m l  concen t r a t ed  NH40H per  l i t e r ,  pH = 
A 1-314" x 1-314" c e n t e r  s e c t i o n  of t he  t e s t  sample was weighed, 
measured f o r  t h i ckness  a t  t h e  four  corners  and c e n t e r ,  and t r e a t e d  
wi th  approximately 200 c c  of reagent  a t  50°@ f o r  2-3 hours ,  A f t e r  a 
r e p e a t  of t h e  e x t r a c t i o n  procedure with t h e  reagent ,  t h e  sample was 
washed i n  de ionized  wa te r ,  d r i e d ,  and reweighed t o  determine weight l o s s ,  
The weight l o s s  was m u l t i p l i e d  by 5.03 ( r a t i o  of p l a t e  a r e a  t o  area s f  
sample used i n  e x t r a c t i o n )  and d iv ided  by 2.73 (gm c ~ ( o H ) ~ / A ~ )  t o  o b t a i n  
t h e o r e t i c a l  c a p a c i t y  on a  p e r - p l a t e  b a s i s .  The v a r i a t i o n  i n  t h i ckness  i n  
any one p l a t e  was 4 0.002" from t h e  mean. As w i th  t h e  p o s i t i v e  plates, 
t h e  t h e o r e t i c a l  c a p a c i t y  was normalized t o  a  0.031" p l a t e  t h i ckness  f o r  
comparison. These r e s u l t s  a r e  shown i n  Table V. 
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TABLE IV. THEORETICAL CAPACITY OF POSITIVE PLATES 
continued,, 
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TABLE IV. - THEORETICAL CAPACITY OF POSITIVE PLATES (Continued) 
- 10- continued,,, ,, 

TABLE IV.  - THEORETICAL CAPACITY OF POSITIVE PLATES ( C o m t ' d  
TABLE V, - THEORETICAL CAPACITY OF NEGATIVE PLATES 
- 13- continued , ,, , , 
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-14 - continued,,,,, 
TABLE V. - THEORETICAL CAPACITY OF NEGATIVE PLATES (Con 
-15- continued,,,, 
TABLE V ,  - THEORETICAL CAPACITY OF NEGATIVE PLATE (Conlrinued) 
Ampere-hour capac i t i e s  of representa t ive  p l a t e  samples were determined 
by assembling two-plate c e l l s  (one pos i t ive  and one negative),  and cbarge- 
discharge cycling a t  constant current .  An open mesh PVC screen was used 
as a spacer between the two p la tes  while they were immersed i n  a large  
excess of e l e c t ro ly t e  (34% KOH). The c e l l  was charged and discharged a t  
750 mA (7.1 m ~ / c m ~ ) .  Charging was done fo r  1 2  hours, followed by a 
one-hour open c i r c u i t  s tand,  and discharged u n t i l  both electrodes €ai led  
( t o  -1.0 V). During discharge, a  H ~ / H ~ O  reference e lect rode was used to 
monitor each electrode po ten t ia l .  The time required fo r  each electrode 
po ten t ia l  t o  decay t o  zero vo l t s ,  with respect  t o  the reference e lect rode,  
was used t o  ca lcu la te  e lec t rode capacity. 
Three charge-discharge cycles were carr ied  out t o  s t a b i l i z e  p l a t e  
capac i t i e s .  The p l a t e  capac i t i e s  measured on the  t h i rd  discharge cycle,  
along with the theore t i ca l  capac i t i e s ,  and the  r a t i o  of measured-to- 
theore t i ca l  capaci t ies  a r e  l i s t e d  i n  Table V I .  




TABLE V I - A  - MEASURED AH CAPACITIES OF P O S I T I V E  PLATES 
(Continued) 
continued, ,  . , , , 
TABLE VI-A.  - MEASURED AH CAPACITIES OF P O S I T I V E  PLATES 
( C o n t i n u e d )  
TABLE VI-Be - MEASURED AH CAPACITIES OF NEGATIVE 
PLATES 
TABLE VI-B - MEASURED AH CAPACITIES OF NEGATIVE PLATE 
(Continued) 
TABLE VI-B-  - MEASURED AH CAPACITIES OF NEGATIVE PLATE 
(Continued) 
111. DISCUSSION 
A .  EFFECT OF SINTERING VARIABLES ON PLAQUE CHARACTERISTICS 
The e f f e c t s  of s i n t e r i n g  time and s i n t e r i n g  temperature on the  observed 
e 
plaque c h a r a c t e r i s t i c s  were a s  one would a n t i c i p a t e .  That i s ,  i nc reas ing  
t h e  s i n t e r i n g  time o r  temperature promotes p a r t i c l e - t o - p a r t i c l e  bonding of 
t h e  powder which decreases  plaque r e s i s t i v i t y  and p o r o s i t y ,  and increases  
61 
i t s  mebhanical s t r e n g t h .  The e f f e c t s  of s l u r r y  v i s c o s i t y ,  s i n t e r i n g  atmos- 
phere,  and priming t h e  s u b s t r a t e  were no t  a s  we l l  def ined  ( a  p r i n c i p a l  
o b j e c t i v e  i n  u s ing  powders of d i f f e r e n t  bu lk  d e n s i t y  was t o  check u n i f o m i t y  
and r e p r o d u c i b i l i t y ) ,  and t h e r e f o r e ,  t h e  i n t e n t  was t o  e s t a b l i s h  t h e i r  in -  
f luence  on plaque c h a r a c t e r i s t i c s .  This  was done by averaging t h e  ind iv idua l  
values t o  c a l c u l a t e  main e f f e c t s .  Comparison of main e f f e c t s  show t h e  l eve l -  
t o - l e v e l  v a r i a t i o n .  
The d a t a  i n  Tables  V I I  t o  I X  have been t abu la t ed  t o  show t h e  e f f e c t  of 
s l u r r y  v i s c o s i t y ,  ba tch  number, s i n t e r i n g  atmosphere, and primer con p l a q u e  
r e s i s t i v i t y .  These r e s u l t s  show a  random v a r i a t i o n  i n  r e s i s t i v i t y  with 
ba tch  number, wi th  no d i s c e r n i b l e  t rend  (Table VI I ) .  The bulk d e n s i t y  of 
t h e  powders used f o r  B 1 ,  B2 and.B3 were 0.92, 0.92 and 0,85 (gm/cc) respec-  
t i v e l y ,  and t h e  va lues  obtained f o r  B3 were in te rmedia te  between BL and B2, 
The v a r i a t i o n  i n  r e s i s t i v i t y  f o r  t h e  two s i n t e r i n g  atmospheres showed no  
o r d e r l y  t r e n d ,  judging from t h e  d a t a  i n  Table I X .  
I nc reas ing  t h e  s l u r r y  v i s c o s i t y  tended t o  i nc rease  t h e  r e s i s t i v i t y .  
This  t rend  i s  ev ident  from t h e  d a t a  i n  Tables V I I  and V I I I .  Because t h e  
th ickness  of t h e  plaque e n t e r s  i n t o  c a l c u l a t i n g  r e s i s t i v i t y ,  /g , t he  th i ck -  
ness  va lues 'were  examined t o  a s c e r t a i n  t h a t  ;hey had no, f o r t u i t o u s  in f luence  
on t h e  observed t r ends .  The weights of t h e  plaques used i n  making the 
r e s i s t i v i t y  measurements were a l s o  examined. While t h e  v a r i a t i o n  i n  thiek- 
ness  wi th  v i s c o s i t y  was random, the  average weight of t h e  plaques increased 
as  v i s c o s i t y  i nc reased ,  a s  shown i n  Table X. This  i s  probably due t o  
t h e  h ighe r  v i s c o s i t y  s l u r r y  having more n i c k e l  powder per  u n i t  volume, 
More n i c k e l  metal  per  u n i t  p l a t e  a r e a  would be expected t o  show a lower 
r e s i s t i v i t y  va lue ,  r a t h e r  than what was a c t u a l l y  observed. Presumably, 
t h e  n i c k e l  powder i s  more uniformly d i spe r sed  i n  t h e  lower v i s c o s i t y  slurry 
a f fo rd ing  a  l a r g e r  number of p a r t i c l e - t o - p a r t i c l e  con tac t  when t h e  coa t ing  
i s  d r i e d  and s i n t e r e d ,  
Priming t h e  s u b s t r a t e  p r i o r  t o  coa t ing  i t  tended t o  i nc rease  the re- 
s i s t i v i t y  of t he  plaque,  as  shown i n  Tables  V I I I  and I X .  The pr imer,  
being an organic  m a t e r i a l ,  was probably no t  burned o f f  completely i n  the 
s i n t e r i n g  oven, leav ing  a  r e s i d u e  which a c t s  a s  a  r e s i s t a n c e  b a r r i e r  between 
t h e  s u b s t r a t e  and t h e  s i n t e r .  
V a r i a t i o n  i n  plaqug p o r o s i t y  d id  n o t  show any d i s c e r n i b l e  t r ends  with 
v i s c o s i t y ,  ba tch  number o r  s i n t e r i n g  atmosphere, a s  shown i n  Tables X I ,  
X E I  and X I I I ,  The primer would appear t o  have a  s l i g h t  e f f e c t .  However, 
t h e  range of p o r o s i t i e s  was narrow f o r  a l l  t h e  experimental  runs (Table PV, 
F i r s t  Q u a r t e r l y  Report) and t h e  d i f f e r e n c e s  i n  Tables X I 1  and X I I I  are too 
small  t o  a s c r i b e  any s i g n i f i c a n c e  t o  them. 
9~ Resistivity = ohm - cm x 10 5 
yc Resistivity = ohm - cm x 10 5 
TABLE IX. RESISTIVITY* vs . SINTERING ATMOSPHERE hr PRIMER - 
* R e s i s t i v i t y  * o h m  - c m  x 10 5 
* 
TABLE X .  SINTERED PLAQUE WEIGHT vs VISCOSITY & BATCH NO, 
* W e i g h t  i n  g r a m s .  V a l u e s  s h o w n  are averages of three  s a m p l e s ,  
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TABLE X I .  P O R O S I T Y  V s .  V I S C O S I T Y  AND BATCH NO, 
BATCH 
TABLE X P I .  P O R O S I T Y  V s .  V I S C O S I T Y  AND P R I M E R  
TABLE X h I P .  P O R O S I T Y  V s .  S I N T E R I N G  ATMOSPHERE & PR.IMER 
PP
The va r i a t i , on  i n  mechanical s t r e n g t h  wi th  t h e  s i n t e r i n g  parameters 
under cons ide ra t ion  showed t h e  same t r ends  a s  those  observed f o r  plaque 
r e s i s t i v i t y .  That i s ,  ba tch  number and s i n t e r i n g  atmosphere showed no 
t r ends ,  while  a lower v i s c o s i t y  and t h e  absence of t h e  primer tended t o  
i n c r e a s e  mechanical s t r e n g t h  (Tables X I V ,  XV, and XVI). This observa- 
t i o n  is  no t  unexpected, cons ider ing  t h a t  r e s i s t i v i t y  and mechanical 
s t r e n g t h  a r e  both inf luenced  by t h e  degree of bonding of t h e  metal 
powder p a r t i c l e s .  
& BATCH NUMBER 
* 
Table XV. M E C m N I C A L  STRENGTH V s .  V I S C O S I T Y  & PRIMER 
TABLE X V I  . MECHANICAL STRENGTH V s  . S I N T E R I N G  
ATMOSPHERE & PRIMER 
B. EFFECT OF SINTERING VARIABLES ON IMPREGNATED PLATES 
To eva lua t e  t h e  e f f e c t  of t h e  s i n t e r i n g  v a r i a b l e s  on impregnated p l a t e s ,  
t h e  d a t a  were t r e a t e d  i n  t h e  same manner a s  i n  t h e  preceding s e c t i o n ,  Of 
i n t e r e s t  were t h e  amount of a c t i v e  m a t e r i a l  contained i n  t h e  p l a t e s  and 
t h e  u t i l i z a t i o n  e f f i c i e n c y  of t h e  a c t i v e  m a t e r i a l  a s  they  a r e  irlflueaced 
by s l u r r y  v i s c o s i t y ,  ba tch  number, s i n t e r i n g  atmosphere and primer,  
P l a t e  loading  (both p o s i t i v e  and nega t ive )  d i d  not  show any t r ends  
wi th  changing v i s c o s i t y ,  s i n t e r i n g  atmosphere, o r  primer a s  may be deduced 
from t h e  d a t a  i n  Tables  X V I I  t o  XXII ( t h e  numbers i n  t h e  parentheses  a r e  
t h e  number of t e s t  samples upon which t h e  average va lue  i s  based) ,  The 
bulk d e n s i t y  of t h e  n i c k e l  powder, however, does appear t o  have an in- 
f luence  on p l a t e  loading ,  judging from t h e  d a t a  i n  Tables  X V I I  and XX, 
Here t h e  va lues  f o r  Batch No. 3 a r e  n o t i c e a b l y  lower. Batch numbers 
1 and 2 were prepared wi th  n i c k e l  powder of 0.92 gm/cc bulk d e n s i t y ,  -t7hiPe 
t h a t  of Batch No. 3 was 0.85 gmlcc. Presumably, t he  lower d e n s i t y  powder 
wi th  a  sma l l e r  average p a r t i c l e  s i z e  would r e s u l t  i n  a  s in t e r  having a finer 
pore s t r u c t u r e  ( smal le r  average pore d iameter ) .  A sma l l e r  average pore 
diameter  would show a lower weight ga in  f o r  a  comparable number of impreg- 
n a t i o n  cyc le s  because, a s  a c t i v e  m a t e r i a l  i s  depos i ted  on t h e  wa l l s  of  the  
pore,  i t s  t o r t u o s i t y  ( r a t i o  of length  t o  c r o s s - s e c t i o n a l  a r ea )  becomes 
g r e a t e r  w i t h  each success ive  impregnation cyc le ,  making i t  more d i f f i c u l t  
f o r  t h e  s o l u t i o n  t o  pene t r a t e .  
The u t i l i z a t i o n  e f f i c i e n c y  of t h e  a c t i v e  m a t e r i a l  ( r a t i o  of measured 
capac i ty  t o  t h e o r e t i c a l  capac i ty )  d id  no t  show any t rends  wi th  changes in 
t h e  s i n t e r i n g  parameters under cons ide ra t ion ,  a s  shown by t h e  d a t a  presented 
i n  Tables  X X I I I  t o  X X V I I I .  One might expec t ,  perhaps,  t o  s e e  a r e l a t i o n -  
sh ip  between plaque r e s i s t i v i t y  and u t i l i z a t i o n  e f f i c i e n c y ,  That is, a 
a lower r e s i s t i v i t y  might be expected t o  show a higher  u t i l i z a t i o n ,  P l a t e  
c a p a c i t i e s  were measured wi th  a  f5% accuracy and a  weak response t o  
plaque r e s i s t i v i t y  would be overshadowed by experimental  e r r o r .  
The p o s i t i v e  p l a t e s  showed a u t i l i z a t i o n  e f f i c i e n c y  g r e a t e r  than 1-0, 
i n d i c a t i n g  t h a t  t h e  measured Ah c a p a c i t i e s  were g r e a t e r  than  those  which 
may be expected on the  b a s i s  of weight ga in .  The a d d i t i o n a l  capac i ty  was 
most l i k e l y  due p r imar i ly  t o  chemical a t t a c k  on t h e  n i c k e l  s i n t e r  by the 
f r e e  n i t r i c  ac id  i n  t h e  impregnating s o l u t i o n ,  and t o  some e x t e n t  by 
anodic ox ida t ion  of t h e  s i n t e r  on prolonged overcharging. 
It should be emphasized t h a t  t h e  l e v e l - t o - l e v e l  v a r i a t i o n  i n  main 
e f f e c t s  a r e  smal l ,  and the  conclusions a r e  based on t h e  ind ica t ed  treads, 
An independent e s t ima te  of t h e  experimental  e r r o r  w i l l  be  made d u r i n g  
t h e  next  s e r i e s  of experimental runs .  This  information w i l l  be  useful i n  
determining t h e  s i g n i f i c a n c e  of t h e  observed t r ends .  
The t o t a l  body of d a t a  has been reduced us ing  a  s tep-wise m u l t i p l e  
l i n e a r  r eg re s s ion  a n a l y s i s  computer program. The r e s u l t s  i nd ica t ed  t h a t  
t h e  r e l a t i o n s h i p s  a r e  complex. Addi t iona l  work i s  planned which will 
al low t h e  des i r ed  p r e d i c t o r  equat ion  t o  be formulated. 
TABLE XVII. NORMALIZED POSITIVE PLATE CAPACITY Vs. 
VISCOSITY & BATCH NUMBER 
TABLE XVIII. NORMALIZED POSITIVE PLATE CAPACITY Vs. 
VISCOSITY & PRIMER 
TABLE XIX.  NORMALIZED POSITLVE PLATE CAPACITY V s .  
SINTERING ATMOSPHERE & PRIMER 
PRIMER ATMOSPHERE I I 
TABLE XX. NORMALIZED NEGATIVE PLATE CAPACITY V s .  
VISCOSITY & BATCH NUMBER 
IOSITY 
TABLE - XXI. NORMALIZED NEGATIVE PLATE CAPACITY Vs. VISCOSl= 
AND PRIMER 
TABLE XXII. NORMALIZED NEGATIVE PLATE CAPACITY Vs. S I N T E F S  
ATMOSPHERE & PRIMER 
TABLE X X I I I ,  P O S I T I V E  P U T E  U T I L I Z A T I O N  E F F I C I E N C Y  Vs_, 
V I S C O S I T Y  & BATCH NUMBER 
VISCOS I BATCH NO. 7 OK I 1 lOK 
TABLE XXIV,  P O S I T I V E  PLATE U T I L I Z A T I O N  E F F I C I E N C Y  Vs_, 
V I S C O S I T Y  AND PRIMER 
[ PRIMER V I S C O S I T Y  
TABLE XXV, P O S I T I V E  PLATE U T I L I Z A T I O N  E F F I C I E N C Y  V s ,  
S I N T E R I N G  ATMOSPHERE & PRIMER 
TABLE XXVI.  NEGATIVE PLA.TE U T I L I Z A T I O N  E F F I C I E N C Y  T7_s_, 
V I S C O S I T Y  & BATCH NO. 
V I S C O S I T Y  
TABLE XXVPI . NEGATIVE PLATE U T I L I Z A T I O N  E F F I C I E N C Y  12. 
V I S C O S I T Y  AND PRHMER 
TABLE X X V I I I ,  NEGATIVE PLATE U T I L I Z A T I O N  E F F I C I E N C Y  Vs,  - 
SINTERHNG ATMOSPHERE & PRHMER 
OFFICIAL DISTRIBUTION LIST 
FOR BATTERY REPORTS , 
AUGUST 1969 
~ a t i o n a l  Aeronaut ics  M r .  Louis  Wilson, Code 450 
and Space Adminis t ra t ion  Goddard Space F l i g h t  Center 
s c i e n t i f i c  and Technica l  . Nat iona l  Aeronau,tics 
~ n f o r m a t  ion  Center  : Inpu t  and Space Adminis t ra t ion  
P. 0. Box 33 Greenbel t ,  Maryland 20771 
College Park, Wry land  20740 
2 copies  + 1 reproduc ib le  
Mr. E rns t  M. Cohn, Code 
National Aeronaut ics  
and Space Adminis t ra t ion  
Washington, D. C.  20546 
M r ,  A. M. Greg Andrus, Code SAC 
National  Aeronaut ics  
and Spaee Adminis t ra t ion  
Washington, D. C. 20546 
D r .  Steven J .  Glassman, Code 
National  Aeronaut ics  
and Space Adminis t ra t ion  
Washington, D. C .  20546 
Mr. Gerald H a l p e r t ,  Code 735 
Goddard Space F l i g h t  Center  
Nat ional  ~ e r o n a u t i c s  
and Space Adminis t ra t ion  
Greenbel t ,  Maryland 20771 
M r .  John L, P a t t e r s o n ,  24s 472 
Langley Research Center 
Nat iona l  Aeronaukics 
and Space Adminis t ra t ion  
Hampton, V i r g i n i a  23365 
Plr, M. B. Seyffe : r t ,  MS 112 
Langley Research Center 
Nat ional  Aeronautics 
and Space Adminis t ra t ion  
Hampton, V i r g i n i a  23365 
UT D r .  Louis Rosenblum 
Lewis Research Center 
Nat iona l  Aeronaut ics  
and Space Adminis t ra t ion  
21000 Brookpark Road 
Cleveland,  Ohio 44135 
Mr - Harvey Sc;l?war$z 
Stop 500-201 
Lewis Research Center 
Nat iona l  Aeronaut ics  
M r .  Thomas Hennigan, Code 716.2 and Space Adminis t ra t ion  
Goddard Space F l i g h t  Center  21000 Brookpark Road 
National  Aeronaut ics  Cleveland,  Ohio 44135 
and Space ~ d m i n i s t r a t i o n  
Greenbel t ,  Maryland 20771 
M r .  Joseph Sherfey ,  Code 735 
Goddard Space F l i g h t  Center  
Nat ional  Aeronaut ics  
and Space Admin i s t r a t ion  
 ree en belt, Maryland 20771 . 
D r .  J .  Stewar t  Fordyce 
Stop  6-1 
Lewis Research Clenter 
Nat ional  Aeronaut ics  
and Space Adminis t ra t ion  
21000 Brookpark Road 
Clevslqnd,  O h i o  44135 
Mr. Charles  B. Gra f f ,  b&~-ASTR-EP 
George C.  Marshal l  Space P l i g h t  Csnksr 
National  Aeronaut ics  
and Space Adminis t ra t ion  
~ u n t s v i l l s ,  Alabama 35812 
M r .  W. E. Rice,  EP5 
Manned Spacec ra f t  Center 
National  Aeronaut ics  
and Space Adminis t ra t  ion  
Houston, Texas 77058 
M r .  Jon A. Rubenzer, Code PBS 
A m e s  Research Center  
Nat ional  Aeronaut ics  
and Space Adminis t ra t ion  
Moffet t  F i e l d ,  C a l i f o r n i a  94035 
D r .  Sol  Gilman, Code CPE 
E l e c t r o n i c s  Research Center  
Nat ional  Aeronaut ics  
and Space Adminis t ra t ion  
575 Technology Square 
earnbridge, M s s a c h u s e t t s  02139 
Mr.  Paul  Goldsmith, MS 198-223 
J e t  Propulsion Labora tory  
,4800 Oak Grove Drive 
Pasadena, C a l i f o r n i a  91103 
M r .  Alvin A. Uchiyama, MS 198-223 
J e t  Propulsion Labora tory  
4800 Oak Grove Drive 
Pasadena, C a l i f o r n i a  91103 
D r .  R. Lutwack, MS 198-220 
J e t  Propulsion Labora tory  
4800 Oak Grove Drive 
Pasadena, C a l i f o r n i a  91103 
U. S. Army 
Elec t ro  Technology Labora tory  
Energy Conversion Research ~ i v i s i o n  
MERDC 
Fort Belvoir ,  V i r g i n i a  22060 
M u .  6. Reinsmith, mSWE-m3R . 
U. S. Army Naticlc Laboratories 
Rock I s l a n d  A r s e n a l  
Rock I s l a n d ,  Illinois 61201 
M r .  Leo 2%- Spano 
U. S .  Army N a t i c l c  Laboratories 
Cloth ing  and Organic 
M a t e r i a l s  Division 
Natick,  Massachusetts 01762 
M r .  Nathan Kaplan 
Harry Diamond Laboraeor i e s  
Room 300, Building 92  
Connect icut  Ave, Q VarL Ness St, 
Washington, D. @ ,  20438 
U. S. Army Electronics R&D Labs 
At tn :  Coda AMEI,-mUIp 
F o r t  Monmouth, NE?W Jersey 07703 
D i r e c t o r ,  Pmer P r q r a m ,  C o d e  4.73 
Of f i ce  of Naval E.eseareh 
Washington, D ,  @ ,  20360 
M r .  Harry Pox, 6e)de 472 
Off ice  of Naval 63,sseareh 
Washington, D. C, 20368 
Dr. 5. 6. White, C o d e  6860 
Naval Research Laboratory 
4555 Overlook Avenue, S ,  'X, 
Washington, D, 6, 20360 
Mr. J. M. Harrison,,  Code 24760 
Naval Ship  R&D Center 
Annapolis,  Maryland 21402 
M r .  Mil ton Knight,  C d e  A I R - 3 4 0 C  
Naval A i r  Systems Cornand 
Washington, D. C ,  20360 
M r .  D ,  Miley, QmE 
U S. Naval A m u n i t i o n  Depot 
Crane, Xndiana 47522 
m ,  William C. Sp ind le r  
Naval Weapons c e n t e r  
Corona Labora to r i e s  ' 
Corona, C a l i f o r n i a  91720 
Mr. P h i l i p  B. C o l e ,  Code 232 
Naval Ordnance Labora tory  
S i l v e r  Spring,  Maryland 20910 
klr. C.  F. V i g l o t t i ,  61573 
Naval Sh ip  Engineering Center  
Washington, D. C. 20360 
Mr. Robert  E. Trunibule, STIC 
Building 52 
U. S. Naval Observatory 
Washington, D. C. 20390 
M r .  Bernard B. Rosenbaum, Code 03422 
NavaL Sh ip  Systems Co 
Washington, 3, C. 20360 
M r .  James E. Cooper, APIP-1' 
Aero Propuls ion  Labora tory  
Wright-Patterson AFB, Ohio 45433 
M x .  F r a n c i s  X. Doherty, CRE 
and M Y .  Edward Raskind (Wing F) 
AF Cambridge Research Lab 
L. 6 .  Manscom F i e l d  
Bedford, Massachusetts 01731 
M r .  Frank J. Mollura,  E 
Rome A i r  Development Center  
G r i g f i s s  AFB, New Uork 13442 
D r .  W. J. H a m e r  
Na t iona l  Bureau of Standards  
Washington, D. C. 20234 
M r .  Raymond 3, Mos'Ir~y 
and M r .  Milton S .  Mintz 
A,M.F. 
689 Hope S t r e e t  
Stamford, Connecticcut 06907 
Aerospace Corporat ion 
Attnx Lib ra ry  Acquisition Group 
P, 0. Box 95085 
Las Angeles, C a l i f  srnia 90045 
D r .  R.  A .  HaPdeman 
Wmrican Cyanamid Company 
9937 W. m i n  S t r e e t  
Stamf ord,  Connect icut  06902 
D r .  R, T. Poley 
Chemistry Departmelnt 
dlmer ican. Universit :y 
Mass , & Nebraska Pave , N , W 
Washington, D. C o  20016 
D r .  H a  L. Recht 
,3- 
' Atomics I n t e r n a t i o n a l  Division 
North Arneriean Aviation, Ine , 
8900 DeSota Avenue. 
Canoga .Park,  C a b i f  omia 91304 
M r ,  R.  F. F q l e ,  G F  16 
Autonet ies  Div i s ion ,  NAR 
P, 0. Box $181 
Anaheim, C a l i f o r n i a  92803 
Dr. C, L. Faus t  
B a t t e l l e  Memorial Institute 
505 King Avenue 
Colurribus, Ohio 43201 
Mr. B. W. Moss 
Bel lcorn ,  Into 
955 L-nfant P laza  North, S -  WI 
Washingtonr D, C e  20024 
me D; 0. Feder 
Re11 Labora to r i e s  
Murray I i i l l ,  New Jersey 07974 
D r ,  C a r l  Berger 
13401 Kootenay Drive 
Santa  Ana, C a l i f o r n i a  92705 
Mr, Sidney G r o s s  
2-7814, MS 85-86 
The Boeing Company 
P. 0. Box 3999 
S e a t t l e ,  Washington 98124 
D r .  . Howard J . S t r a u s s  
Burgess B a t t e r y  Company 
F o b t . o f  Exchange S t r e e t  
F reepor t ,  I l l i n o i s  61032 
D r .  Eugene Willihnganz 
C & D Batteries 
~ i v i s i o n  of ~ l e c t r i c  A u t o l i t e  Company 
Conshohocken, Pennsylvania 19428 
Prof .  T. P. Dirkse  
Ca lv in  Col lege  
3175 Burton S t r e e t ,  S. E. 
Grand Rapids, Michigan 49506 
Dr. H,  Goldsmith 
C a t a l y s t  Research Corporat ion 
6101 F a l l s  Road 
Bal t imore,  Maryland 21209 
M r .  Robert S t r a u s s  
~ornmunicat ions S a t e l l i t e  Gorporat ion 
1835 K S t r e e t ,  N. W.  
Washington, D. C.  20036 
D r .  L. J. Minnick 
6. & W. H. Corson, Ine .  
Plymouth Meeting, Pennsylvania 19462 
Cubic Corpora t ion  
A t t n  : L i b r a r i a n  
9233 Balboa Avenue 
San ,Diego, ' C a l i f o r n i a  92123 
M r .  J. A. K e r a l l a  
Deleo Remy Div i s ion  
General Motors Corpa~ra t ion  
2401 Colu&us Avenue 
Anderson, Indiana  46011 
M x .  J. M. Williams 
~ x p e r i m e n t a l  S t a t i o n ,  Building 304 
Engineering W t e r i a l s  Laboratory 
E ,  I. du Pont Nemours & Company 
Wilmington, Delaware 19898 
D i r e c t o r  of Engineering 
ESB, Inc.  
P. 0, Box 1109% 
Raleigh,  North Carolina 27604 
Dr. R. A. Schaefer  
ESB, I n e ,  
C a r l  F. Norberg Research Center 
19 West College Avenue 
Yaxdley, Bennsylvar~ia  19067 
Mr. E. P .  B r q l i o  
Eag he-Pieher Company 
B. 0 .  Box 47 , 
J o p l i n ,  M i s s o u r i  64801 
D r  , Morris Eisenberg 
Electrochimica Cor r~ora t ion  
1140 OQBrien Drive 
Menlo Park,  Cal i f s r :n ia  94025 
Mr. R .  H. Spakks 
E lec t romi te  Corporat ion 
2117 South Anne Street 
Santa  Wna, C a l i f o r n i a  92704 
Mr. Martin G .  Kleini 
Elec t ro-Opt ica l  Sysitems, I n c .  
300 North Rals tead  Street 
Pasadena, Ca1iforni.a 91107 
D r *  W. P. Cadogan 
Emhart Corpora t ion  
Box 1620 
H a r t f o r d ,  Connect icu t  86102 
~ n e r g e t i c s  Science,  I n c  . 
4461 Bronx Blvd. 
New York, New York 10470 
D r .  Arthur F l e i s c h e r  
466 South Center  S t r e e t  
Orange, New J e r s e y  07050 
, D r .  R. C .  Osthoff 
Research and Development Center  
General E l e c t r i c  Company 
P. 0. Box 43 
Schenectady, New York 12301 
M r .  K ,  L .  Hanson 
Spacec ra f t  Department 
General  E l e c t r i c  Company 
P. 0. Box 8555 
Philadelphia, Pennsylvania 19103 
M r .  W. H. Roberts  
B a t t e r y  Business Sec t ion  
General  E l e c t r i c  Company 
P. 0. Box 114 
G a i n s v i l l e ,  F l o r i d a  32601 
General  E l e c t r i c  Company 
At tn  : Whitney L i b r a r y  
P. 0. Box 8 
Sehenectady, New York 12301 
W. John R. Thomas 
' Globe-Union, Inc.  
P. O. Box 591 
Milwaukee, Wisconsin 53201 
Dr:J .  E .  Oxley 
Gould I o n i c s ,  Inc .  
n .  0. BOX 1377 
~ a n o g a  Park, C a l i f o r n i a  91304 
Mjr, J. S. Caraceni  
Gruman A i r c r a f t  Engineering Corp. 
Plant. 25 
WE) Project-Future Missions 
. Bethpage, Long I s l a n d  
New Uork 11714 
D r .  H. N. Se ige r  
Alkal ine  B a t t e r y  Division 
Gulton I n d u s t r i e s  
1 Gulton S t r e e t  
Metuchsn, New J e r s e y  08840 
Honepe  ll I n c  . 
Attn:  Eibrawy 
Livings ton  Electron.i@ Laboratory 
Montgomeryville, Pennsylvania 
18936 
D r .  P. L. Howard 
C e n t e r v i l l e  , Mairylamd 216117 
M r .  M. E. E l l i o n  
Building 3 6 6 ,  MS 524 
Hughes A i r c r a f t  Corj?oration 
E 1  Segundo, C a l i f o r n i a  90245 
Dr, H. T. F r a n c i s  
I I T  Research I n s t i t u t e  
18 West 35th S t r e e t  
Chicago, I l l i o n i s  60616 
D r ,  6 .  Myron Areand 
Department of Chemistry 
Idaho S t a t e  U n i v e s s i t y  
P o e a t e l l o ,  adahs 83201 
M r ,  R.  Hamilton 
I n s t i t u t e  f o r  Defense Analyses 
400 Army-Navy D r i v e  ' 
Arl ing ton ,  V i r g i n i a  22202 
D r .  R e  Briee land 
I n s t i t u t e  f o r  Defense Analyses 
400 Wrmy-Navy Drive 
Ar l ing ton ,  V i r g i n i a  22282 
Mr.  W i l l i a m  @, Kearans 
I n t e r n a t i o n a l  Nickel Company 
1000-16th S t r e e t ,  N, We 
Washington, B, @, 20036 
M r .  Richard E. Evans 
nppl ied  Physics Laboratory 
J o h ~ l s  ~ o p k i n s  U n i v e r s i t y  
862d Georgia Avedue 
S i l v e r  Sprlng,  ~ q r ~ l a n d  209x0 
D r .  A'. Moos 
~ e e s o n a  Moos Labora to r i e s  
~ a k e  Success Park,  Cornunity Drive 
. Great  Neck, New York 11021 
D r .  James D. B i r k e t t  
Arthur D. L i t t l e ,  Inc.  
Acorn Park 
Cambridge, Massachusetts 02140 
M r .  Robert E. Corbe t t  
Department 62-14, Bui ld ing  154 
Lockheed M i s s i l e  and Space Company 
P. 0. Box 504 
Sunnyvale, C a l i f o r n i a  94088 
M r .  R ,  R. Clune 
m l l o r y  B a t t e r y  Company 
South Broadway & Sunnyside Lane 
Tarrytown, New York 10591 
D r .  Per Bro 
P,. R. Mallory & Company, Inc .  
~ o r t h w e s t  I n d u s t r i a l  Park 
Bur l ington ,  Massachuset ts  01801 
P. R. Mallory & Company, Inc.  
At tn :  Technical  L i b r a r i a n  
3029 Eas t  Washington S t r e e t  
Ind ianapo l i s ,  Indiana  46206 
M e s s r s .  William B e  C o l l i n s ,  1620, 
and M. S ,  Imanura, M S  8840 
Martin-Marietta Corpora t ion  
P. 0 .  Box 179 
Denver, Colorado 80201 
Mr, A .  D. ~ o n e l l i ,  MS 7C 
KcDonnell Douglas, I n c  . 
3000 Ocean Park Blvd. 
s an t a  Monica, C a l i f o r n i a  . 90486 
D r .  George Moe 
A s t r o p m e r  Laboratory 
MeDonne ll Douglas, Ine , 
2121 Campus Drive 
Newport Beach, C a i i f  orn ia  92663 
D r .  James Nash 
S&TD Div i s ion  
North American Rockwall Corp, 
Downey, Cal i forni i3  90241 
Rocketdyne D i v i s i c ~ n  
North American Rockwell Corporatior 
At tn :  L i b r a r y  
6633 C a n q a  Wvenut3 
Cansga Park, CaPi:Eornia 91304 
W. B e  C ,  Bsiggs 
Space P m e r  and Pacopulsion 
Depastment , M S  W - - 4 9  
Philco-Ford Corpca:cation 
3825 Fabian Way 
P a l s  Al%o, C a l i f o r n i a  94303 
U, Leon Sehulmam 
P o r t a b l e  Pmer S o ~ ~ r c e a  Corporatio~a 
122 E a s t  42nd Street 
New Yorkp New Y0r3$: 10017 
Power Information Center 
U n i v e r s i t y  c i t y  Science Institute 
3401 Naxket Streelk, Room 2907 
P h i l a d e l p h i a ,  Penu~sylvania  19104 
Prime B a t t e r y  Corporation 
15600 Cornet Street 
Santa  Fs Springs,, California 
90670 
R A I  Research Csrpa~ra t ion  
36-40 37th Street 
Long Xsland City, New York 11101 
Mr. A *  Mundel 
Sonotone Corpora t ion  
Saw M i l l  River  R0i3d 
EEmsfoxd, New Yonk 10523 
southwest Research I n s t i t u t e  
R t t n :  L i b r a r y  
8500 eu lebra  Road 
San m t o n i o ,  Texas 78206 
D r .  F r i t z  R. Ka lhamer  
Stanford Research I n s t i t u t e  
820 ~ i s s i o n  Street 
South Pasadena, Cal i forn ia  91030 
D r .  E. M. J o s t  
and D r .  J. W. R o s s  
Texas Ins t ruments ,  Inc .  
34 Fores t  S t r e e t  
At t leboro ,  Massachusetts 02703 
D r .  W. R .  S c o t t  (M 212154) 
TRW Systems, Inc ,  
One Space Park 
Redondo Beach, C a l i f o r n i a  90278 
D r .  Herbert  P. Silverman (R-112094) 
TRW Systems, Inc.  
One Space Park 
Redondo Beach, C a l i f o r n i a  90278 
TRW Systems, Inc.  
At tn  : L i b r a r i a n  
23555 Eucl id  Avenue 
Cleveland, Ohio 44117 
D r .  A. G .  Makrides 
Tyco L a b o r a t o r i e s ,  I ne ,  
Bear H i l l  
Hickory Drive 
Waltham, P"lassachusetts 02154 
D r .  Robert Powers 
Comsumer Products  Div i s ion  
Union Carbide Corporation 
P. O, Box 6116 
Cleveland, Ohio 44101 
Prof .  John O W N M ,  Baekris 
Eleet rochemiet ry  Laborakory 
U n i v e r s i t y  of Pennsylvania 
Ph i l ade lph ia ,  Penn~3ylvania 19104 . 
D r  , C!. C.  Hein, Coirltract Adsosin, 
Research and Development Center 
Westinghouse Eheek~:ic Corporation 
C h u r c h i l l  Borough 
P i t t s b u r g h ,  Pennsylvania 15235 
Mr. J. W. R e i t e r  
W i t t a k e r  Corporatj,on 
3850 Olive S t reek  
Denver, Colorado 80237 
D r ,  M, Shaw 
m i t t a k e r  Corporat  :ion 
3540 A e r o  C o u r t  
San Diego, California 92123 
Union Carbide Gouporation 
Development Labora tory  L i b r a r y  
P. 0. Box 5056 
Cleveland, Ohio 44101 
D .  
